INTRODUCTION
It is known that the classical Haldane model for calculating decompression tables had weaknesses in that it deviated from empirical data in short shallow dives and in prolonged or deep dives. In general, his model gave too long a decompression for shallow dives and too short in prolonged or deep dives. In practice, these weaknesses have been largely overcome by empirically modifying the tissue ratios allowed at varying depths, and by adding longer half-time tissues to the model. It has also been known for some years that obese persons do poorly on long, deep dives, but that they appear to do much better than thin persons on short or shallow dives. This is usually interpreted as due to the slower fat tissues absorbing excess nitrogen from the fat tissues during decompression 1 . This situation is not covered by the classical model.
In electrical terminology, the classical model is equivalent to a bank of independent capacitor-resistor circuits, with no spill-over between circuits (Diagram 1).
This study concerns the design and characteristics of a highly stable electrical model with interdependent connections (Diagram 2). Using-this extremely simple analog, a new series of theoretical decompression schedules has been computed.
To get away from the term "tissue", which cannot be defined in this context and is therefore misleading, the term "rank" is employed to discuss the different capacitors. The analog discussed here has eight ranks; number 1 being nearest the power supply, and number 8 the last rank (Diagram 3).
Symbol
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With the exception of the capacitors, and possibly the printed circuit boards, all of the parts used are readily available at modest cost (Parts List, Table I ). The schematic is shown in Diagram 2.
SW-1 serves to isolate external power from any of the circuitry. SRB is a silicon rectifier bridge which may be a single integrated unit or individual components. It prevents damage to the polarized capacitors in case of accidental reversal of external power leads. R-l is a relatively low resistance bleeder resistor which allows C-l to discharge instantly when voltage is decreased, and also acts as a shortcircuit across the analog capacitors (C 2 -C 9 ) for their discharge during decompression. SW-2 isolates the voltage reference capacitor C-l from the rest of the circuit during manipulation of external voltage, if desired. Both switches remain closed ("on") during actual runs. The rest of the circuit is rather straight-forward: R 2 -R 9 are all !/2 watt, 270K ohm, 10% carbon resistors connected in series with the positive pole of the respective capacitors connected in parallel between them. Design of the circuitry with the positive pole of the capacitors between the resistors is a convenience feature, because many meters use a clip for the negative lead and a probe for the positive lead.
The only critical elements in the circuit are the capacitors. The ones used were chosen because of their high capacitance, small physical size, and excellent stability. Internal leakage is about 6% in 8 hours.
For convenience, ten 5-way binding posts are used to monitor voltages at each of the analog ranks and the depth reference voltage at C-l. One post is connected to the common negative ground of the analog section for the meter's negative lead.
Eight ranks were chosen because of costthe entire budget for this project exclusive of power supply and meter being under $50.00. Four more ranks would double the longest half-time to about 355 minutes in a 1 to 12 scale. As many as sixteen might be needed for a saturation dive. Table II shows saturation half-times for eight different analogs with from 1 to 8 ranks, respectively. Notice the effect of a rank on neighboring ranks, and especially note the importance of the last two ranks. Figure 1 shows the saturation pattern of each of the ranks in an eight rank analog. These data were added together to obtain an in integrated Figure 2 . Superimposed on Figure 2 is Behnke's empirical curve of N 2 washout in man 2 . Figure 3 shows that the half-time changes with saturation. Figure 4 compared the classical model to the analog, with time scales adjusted so that both simultaneously saturate to 95%.
CALIBRATION OF THE ANALOG
By actual measurement, the analog saturates in about sixty minutes. Setting that equal to a saturation time of twelve hours gives a scale of 5 seconds to the minute. Note that the simulated dive for a 30' last stop was three minutes longer, and for a 20' last stop was five minutes longer than Hills' actual titration times. This was done as an additional safety factor. Using this time scale, and presaturating the analog to atmospheric nitrogen, B. A. Hills' data on decompressing from a 160/60 dive were run through the analog (Table III) . Because of their careful titration they are used as a main source of hard data for calibration of the analog.
The ratios thus obtained were checked by running through the 150/30 schedule after a 30 minute dive and after a 24 minute dive. The former dive is considered borderline at best, while the latter is quite safe. The ratios for arriving at the different stops are given in Tables 4 and 5, respectively. From these simulated dives, criteria were selected for tolerable inert pressures at each stop. These inert gas pressures are expressed as ratios of inert gas pressure to hydrostatic pressure. The ratio selected for use in the analog for all ranks and depths was 1.4:1.
Because Hills' data 4 shows that under proper conditions the diver can surface directly from deeper stops, a surfacing pressure of 57 feet of nitrogen was used in all the analog predicted tables. This is equivalent to a 1.75:1 "surfacing ratio." Ascent rates were set so as not to exceed a 1.6:1 ratio of absolute nitrogen pressure in the breathing mixture at diving depth to absolute hydrostatic pressure at the depth achieved at the end of a one minute ascent. One minute is chosen because it is approximately equal to normal blood circulation time.
An examination of the data in Table II will reveal why it was decided to return to the original Haldane concept of using the same ratio for all depths and all tissues, except for ascent and surfacing. For, although the ratios used for constructing the original tables varied from 3.4:1 down to 1.2:1, the same dive simulated on the analog produces remarkably similar ratios for all ranks and depths. Until the decompression schedules predicted by the analog are actually tested, there can be no real advantage in juggling ratios. Table VI gives decompression schedules from the analog using the criteria above. These are untested schedules, and are presented simply to show the pattern developed when a different model is used in calculating the schedules.
RESULTS
The format is different in that ascent time is included in subsequent stops. No ascent time is more than one minute. For those dives which require a longer ascent, a nonstop "Stop" is given to indicate the point of ascent at the end of each minute during ascent. For example, 30/T means to ascend to 30 foot stop in one minute and continue without stopping to the next stop; 0/1 means to come to the surface in one minute. These schedules are based on a 12 hour saturation time and thus are equivalent to a maximum half-time of about 180 minutes. This is probably adequate for the short dives included.
For comparison, the United States Navy Tables of 1963 are included in Table VII . Ascent time is included in the first stop.
Since the analog was calibrated to Hills' titration of the 160/60 dive, it is interesting to see what the analog predicts, on that dive. Both dives are presently in Table VIII .
Finally, a table of no-decompression dives is given in Figure 3 appears more complicated than it is. In it, the actual time for 50% and 90% saturation was measured. Then, assuming a simple exponential function, apparent times were calculated. If the saturation followed a simple exponential, the apparent values would fall on top of the measured values. Since they did not, it is shown that the apparent half-time is constantly changing with saturation. Clearly shown is that the halftime lengthens for the first four ranks, and shortens for the last three ranks. It does not change for the fifth rank. 
Rank Number
If anyone desires to build such an analog for his own evaluation, it is fair to warn him that changing the time scale will change the ratios developed. Initially, the machine was calibrated to a six hour saturation period. With that, the pertinent ratio was 1.6:1 instead of 1.4:1. However, the schedules produced for short dives were approximately the same.
Notice in Figure 1 the delay before the last ranks begin to saturate. In the time scale used, this means a delay of some 30-40 minutes before the last three ranks even begin to saturate. In the 160/60 dive, the last rank reached a peak of 60 feet about 30 minutes of decompression at the 20 foot stop. Thus, the last ranks frequently continue to saturate well into the decompression. In Table II , it is clearly shown that the last two ranks play an important role in the overall behavior of the analog. They behave as a dam beyond which the electrons cannot go, and therefore determine what the final voltage will be when the excess electrons in the foremost ranks leak out into the last ranks. If there are too few ranks, the average voltage levels high . .. and decompression is needlessly prolonged; too many, and shallow stops are made too short for a short dive, too long for a saturation dive. The present analog has too few ranks to be considered for a saturation dive. Figure 5 is presented to help any investigator trying to decide how many ranks to use in an expanded version. If the trend for the first eight ranks holds up, it can be expected that an analog using the same size resistors and capacitors with fourteen ranks would have a maximum half-time of 3000 seconds. This is equivalent to 500 minutes with the present time scale. Also, doubling the resistor size will double the half-time, and vice versa.
Notice that the surfacing ratios from the 10 foot stop in Table III are much lower than the ones from the 20 and 30 foot stops. When simulating this dive on the analog, it was noticed that the dive called for leaving the 20 foot stop at 33 minutes, while the voltages on the analog required an additional 3 minutes at the 20 foot stop. The voltage on rank 8 peaked at 60.5 feet, twelve minutes into the 20 foot stop, and remained there until 30 minutes into the stop, at which time it began to drop. Thus, eighteen minutes of the 20 foot stop are taken up for reversing the direction of flow, in spite of an 18 foot negative pressure gradient.
Total
Number Of Ranks The lower ratios at 10 feet support B. A. Hills' contention that bubble phenomena exist at 10 feet. It does not support his argument that they exist at 20 feet, since the bubbles could have been formed by an abbreviated 20 foot stop. Indeed, the analog indicates that the standard 20 foot stop is too short by about 3 minutes. This may explain why some of his goats bent on the standard table.
From Figure 4 , it is evident that the interdependent analog reaches 50% saturation later than the classical Haldane model. However, it reaches 100 % saturation sooner. This works to the diver's benefit on short dives, but to his detriment on longer dives.
The most interesting finding is shown in Figure 2 , where Behnke's empirical curve of nitrogen washout in man is superimposed on a summation of each rank's saturation. It is obvious that the fit is nearly perfect, and just as obvious that the classical model will not simulate this curve.
The diving tables predicted by the analog are very interesting, but appear to be unduly short. However, when compared with Hills' data, the analog predicted schedule comes out two minutes longer than his careful titration. Certain dives, namely 160/90 and 150/90, developed a "saturation pattern" which would make them much too short if human saturation occurs in much over 12 hours. Hesitation should be employed before using these two tables until a larger analog is tested. This pattern exists when the 20 foot stop is around 100 minutes and/or the 10 foot stop is for about 24 minutes, signifying that the last rank is controlling, and that there is no way to know if an additional rank would or would not control, if present. Another rank would mean longer stops than indicated by the present model. This is what is meant by the previous statement concerning the importance of the last two ranks: their'placement is just as critical as the choice of a dam site on a river, insofar as the diver is concerned.
The "No-Decompression" dives given in Table XI are very significant, since at the lower depths the analog has predicted precisely what is in the U. S. Navy Tables. The classical method does not predict these dives, and the tables were empirically derived, at least for the shallower depths. The deeper dives calculated by the analog are shorter than the Navy Tables because a longer dive would necessitate a stop at 20 feet under the criteria selected.
The question arises, considering saturation diving, whether the analog would behave any differently than the classical exponential model, since the analog would obviously be controlled by the last rank.
Figures 6 and 7 were obtained by saturating all ranks and then allowing them to discharge to zero. It is evident from Figure 7 that the last rank does desaturate by a simple exponential function. However, there is a delay in the analog of some 2.5 minutes before this desaturation begins. If the "tissue" under consideration for a saturation dive were 600 minutes half-time, would be equivalent to an extra wait of 150 minutes at the first stop before any desaturation would occur in the last rank. After that, a simple exponential function would apply just as in the classical model. With testing in practical applications there will come the inevitable modifications. Most obvious, of course, are the number of ranks and the ratios used. Although the present data would make it appear unnecessary, a hybrid model combining ideas of perfusion and diffusion could be easily constructed with separate diffusion analogs for each half-time "tissue." This is far beyond the scope or intent of the present paper.
An inexpensive and easily constructed electric analog has been described. It is firmly felt that further investigation using this as a tool in studying decompression illness and in designing decompression schedules is warranted and required. MR011.01-5009.01
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ABSTRACT
A simple, inexpensive electronic analog has been developed and constructed which is based on a modification to the classical Haldane mathematical model. Unlike the Haldane model this analog uses a series alignment of theoretical half-time tissues rather than the usual parallel arrangement-Schedules produced by this analog closely follow the experimental inert gas elimination curves developed by Behnke and the mathematical model theorized by B. A. Hills. The results raise an interesting question as to the adequacy of the present haldane model modification employed by the U.S. Navy for decompression schedule calculation.
Further testing must be done before this latter question can be answered. 
DD

